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(54). Abstract Tltl(e:;SealingiCoupling tubing sections 

(57) A seal 220,920 is Jocate^icaroun two expandable tiibirig sections, such as expandable . 

liners or slotted :<>r perforated:tubing used:d Many different embodir^ 

iiidludih^^a seal ^9 ha^ elastonie^r, rufab^ 

:sMc)i;??\m^t^!/^s^ between thetu 

expansion. A seai :n^3y ait^rn^^^ 2), The^ seal 920 may 

^'Tipnse a restraining ^ieeye^ife tfieiseaMosexert a damjping ^force xntii^ 
seal, anjd reinforcing: wiVes:9^^ 
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At least one drawing originally filed was informal and the print reproduced here is talcen from a later filed formal copy. 
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SRGKqRQUtJP ©F "THE MENTION: 

Th^ pxesant invention ^eiateis; to the^ sealing of 
5 €ubin^, 111 partiGuiary bufc. not: exciiasivel.y, the pr:esent 
iny:en%±iOn xel^atea to ithe- :sealin|!; of a joint between 
expaiidabie tubing sections. 

.:FXELI> ..QF ^HE; . IMilTf ON^^ 
10 In ^he oil and gas ^exploration and piroduGtiorl 

iiidustxy;, lexparidafble >t^ibi|ig W^s t>e#r> dieyi?^ aiid :has Ja. 

variety of; -uses, These ineiudie: expanciable horehple 

casing and liner.jr^ ^nd expan^^^W^ sand' exclusion based. 

=ti:ri:>ih:g- a^^emblies> siidh ^as otiose disclosed in 
-15 International, patent publi cation np WG.97;/1^52/1 ^;Shell)^ 

:and a^s sold under tl^ei; .ESSS Tradeniax.)c; the present 

iapplicant-.. 

^Expandable tubing off;ets a numbet^ of advantages ower 
cohventiprml. ;borehQle tubing^,, as the expandaible tubing 
20 can xxm Itntp a. boxj^^ iri an- unexpan^ state arid, 
subsequently expanded -dbwnhbl^^^^^ This. ay,6ws the tubing 
to be run through existing tubing and then expanded to a 
laxger diaineter within the borehole. 

The expandable tubing sections typically include a 
25 male threaded portion (pin) and a female threaded portion 
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ibox?) a^; opposil^e jerids, for joining ^djate^ seetxons' af 
tubing; tGgethei;^ 0nci td 0nd^ M^a;)l^t;a^ a se^fi bet^ween 

the: pa:ii gn<i i^x ppftipft^^ P^st; :expan:ai6n can be 

5 7^)^ sj^aling; oi ^gctlpris of c^pnventipnai, nonr 

expanxi^ble tubing; :ca^ alsQ. be, :P;roblemafc^^ and can: iny-olve. 
coniplex; :sealing systems 

It. is. amongs;t the. obje<:ts ;of embodimerlts. of the: 
f^resent- invention^ to: ob'Oriate; or mitigate at l^ea^t one. df^ 
10' ^he fpregoing: •disadvantage's.. 

.Afireording to a first :aspefet of the present 
in^rention,;. therel is^ provided e^^^andabie tubing 
.15 eongjrisiiigf: 

at iieast two- e^ancla)?%e t^)t>iTlg !s;€(;^t;ioh^a adapted to 
fee PPUF^ted tbg^^ and 

a se^I .adapted to be located arpiind the expandabie; 
tubifng sections, to seal a joint between the .sections . 

50 Preferably^, the^ tySbi^i^ sections are. sections of 

dbwnhoi^ tubing. It win: be: vinderstppid that the; tubing 
se:ctions are typically Ibdated in. .a bore within a length 
of existing tubing such as borehole casing :pr liner,: and 
the seal is compressed between the casing/liner and the 

2^5 tubing sections during tubing expansion, to ensure 
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sfeatlring at; th^ s|;^<jtion. :Al:feernati:^^ the tubing: 

section tocateid in open; lioljs.. 

The e>c{>andat^e:: tu)?ing- seGt;ip?is. inay< incliide: corvneetar 
portions at pppjosite ends of eadh. s^ecition:,- Jbr Goupling. 
5. the: seietxons together; end to- end,, to. form a string of 
0xpandabie^ tubing O^he^ tubing -may comprise ^a eormeiEtbt: 
having first and seGbhd portions ^ each^ portion adapted to 
be provided, 'on a respective expandstble tubing sect-ibri.; 
Thei" fi?;!5t arid ^eppnci^ qbiw^ :pQ|:tic>hs ihay be fomed 
3:0 ij^t^eg^^aiiy with thej resipecMv^^^ tAibing .sections^ or inay be 
fbrmed separately and :subsegue bbuple^^ Cubing 
sectipiis^^ vEhe ^ebnitebtpr- first -and secbnd portions may be 
thi^ead^d: arid may qomprise. i^e^pebtiv^ threaded .m?tle and; 
female porti^ons:^^ "siich a^ expandable pin and boi^ pb;rtip^i$ 

7]^^ seal ma;y a^aj^^e<i Ibcateji ovel^lapping. a; 

gpiirt betvreen the ^tubing secticnsLV in this^ fashion^, the; 
seal iacts^ to- prevent fluid. :ingre^s^ ;and egress at the^ 
joint post, \expansipn..: Pref erabl:y>; the. seiafl is deformaible 
and.mosft p^ref^^ The seal may therefbre be 

20 elastiealiy defbrmable,. :ih:e seal may Qomprise at least 
one generali.y tebular member such as a sleeve, ring or 
cbliar, the tubular member adapted to be coupled to: the 
tubing :sectipns. to seal the joint . 

The seal may be adapted to be located around the 
25 tubing sections subsequent to coupling of the tubing 
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s:eGtiQri3 tipgisther^ ajld pripx. t:0= expansioii crS: the^ tubinig 
sections^ Mternati^re^ the, seal may^ be adapted to be 
Ipcated arbui^d -at least one of; £h:e^ tubing .sections prior; 
tp. coupling of the tubing^sectipns tog 
S The seal: may .comprise at. l^ast two seal .members 

which may comprise slee.ves/ each tubing^ section having at 
least one seal member epufsite^d theretOw^ The^ seal may 
incltide a first seal membei: ad^ipited to be coupled ;tp one 
tubing section and a second seiai member adapted to be 

lb: feoupled to an adjacent tubing s^ctioh^ the^ fi^rst and 
secoria S^e:al mentb^^^ ^(dapted t^p Be Kj&puigH^^ Ihto abutment 
t<5 together form ^ seal, ei:ther^ when the tubing sections 
are qpiipledr together or in a sepaLrate prpcedtu^e fplipwing 
cduplihg: of the tubing: sec^ions^ ^fpr examples, by 

15: translate pf pne p^; jjpth of: the seal raemli^e^ the 
tuning seet3iQn^.> Tp etvs^ujr^ adequate >ealing^ RpjSft-^ 
expansip^v the: first ;anGl s^cpridi -sea;! membe;rs; may be, 
adapted! tp^ be located oyerlappii^ \r e sp^ axiai end 

ppirtions; pf; the; tubing^ sections, siiph vthat When the 

20 tubing .Sections are: Goupled ^togetherv ends; of the; seal 
members are pressed^ tpgettier rand cpmpressed. thus; when 
coupled together/ a mating, "force may be= exerted on the 
seal members: seal the joint:; It will be: understood 
that when the tubing sections aire ; expanded and compressed 

25 betweien a wall of a borehole in which the expandable 
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tubing iS: 3:qcated and the expandable tubin^g ;s^^ the 
seal menfceirs axe elqngajbedy enhancing ^sealing at the. 
interface: ^between the iinembers . 

Alternatively., the seal may he adapted t0. be. jni6unted 
pn one of the tubing sections and, fbilbwing coupilng> 
translated along the tubing sect;ions fco a location where 
tlie seal seala the joiTit, and may be locatecJ stiraddlving. 
the jointi 

lit 9f fi^rther alternative^ :th^ s^^al inay i>& adapted to 
Ipf Ibcateei extending beyond an ^lid -gt one of tihe tjub^ing 
^^cM::0n^ Irtvibr to c.qupiing the. seetio]^ togef herV i;and may 
be adapted to receive the other tubing ^Sectibhy whereby 
on eQ|L;iiDj.ing the tubing sections> the j;oint: :is sealed:v 

Tiiterira the searl may be iiiGye^^M f:r6m a 

Eirst>- nbn-^sealiiig cpnfigur to :a .second;, sealing 

cbnfiga^ fjollpwihg: coiiplihgj of tlie tubing sections 

together, r^nd may be; adapted t;Q lie;; ip^p^ 

sectiqrv la a ?<^ided> ;hpn--sealiSig- con^igura^ In an 

alternative the -seal may be. adaf>ted tp be located in a 
f irst cphfigur ai^ end of one \of tlie 

tubing sections and then moved to a second, "non-^seaiing 
configuration to expose said end, for coupling the. tubing 
sections; together. The seal -may then-; toe adapted to be 
returned tq the first, configuration to seal the joint. 



The seaJJ m|ii^ be defprmaBle and j>yeferai>Iy ;el;a;sti<:ally, 

Irv a further^ alterrmtlve embodiinent the seal 
memberrs; may fee. adapted •to^ be located, spaced -from otie. 
^nQther \ajid may be; spaced axially alorvg ?the tubliig 
;aeGt-i<>h;s . Tfee; seal nvember s may; be adapited t6 be^ Cbrpught 
:into abtitmentf diiiriftg expansion of th€ tubing seeti^Jn;^^^ 
Mt<erna^ively>: the ?^ai members may :p:rov;ide an adeqiiaSi^ 
seal witli^vit beihg b^rougW; ihtx> ^abu?i^ a^rid ihay 

the:re;:g<?r:e -jremain axially spaced p<i;st expaLns;iph^ IThe 3eal 
fttay-: tjijus- ^be-: iestablji-ste:^^ -tJirough; ^an- iriteiacti^ ."betyj^een 
the tiabing sections, the seal members and the wall of the 
borehole qr tt^teulac $x\ which the %UDing secAifons a^re 
locate di; 

The^ seal, ftiei^ <?pmprlse an elastpme^^ic: material or a 
rul^b^r maiterial}. ^he aefafl, may be ^adapted: ho. ;sweli. ;in the 
presence of water and/p:r, hydrgcarbpnjS, and imay comprise ^ 
BWelling^ elastomer or; a natural :rubber, 34iis proiwlxiles: 
eiithahced^ seal performance oyer time as the seal absorbs 
wster^hi^ in the downhole eradLromiieivt and 

swells;. The seal jnay^ be coupled to the expandable tubing 
seetiphs :by ah adhesive, or may be thermaily bonded (for 
^_?^a?»ple^^ welded or fused) to the tubing sections . An 
outer surface: of one or more: tubirig section inay be 
textured or roughened to improve grip with^ the seal. 
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Alternativ^^ the^ s.e^l may cpmprise ^a; ^e^^al or metal 
aiioy having, a re^lativ.ely low yield str:erigth and modulus 
of eiastiicity^^^^ sucfi as bronze or lead. Th^ s^al may 
the;reiore.- provide a: metal to metal .sea;i.. In^ a further 
aifcem:at:ive> the' Hubirig" rtiay include^ a re<:ess;, slot, 
grOGve> fel^anritfel qij^ ^he liiie ijfi v;hich at; leaS:t part of the: 
$-ea5L; -4^5 l:ofeaLl;:ed..i 

'ift ^i tjibirvg .may comj^rise a plurality -of seals ... 

3Jhe seal rriay;: %cpmprise at. least, two. seal po^^t^D?ns: 
which ;may^ be. pf materials haying ^iffjerent mater:ial. 
pi^opejjties* \Fo^: example, one :of the. s^al, pQr.tions may hje 
of a material having: a higher yield; strength and/or^ 
modulus of; elasticity (Ypung^s Modulus:) than the other, 
seal pprtipn. One; of the; seal portions may be of a met-al 
such :as a^ sfceel or ofehex: allpy> and the other portion may 
be- p;fi an el^istpmeri^ or rifeber material, or a/ irietal or- 
al Ipy .ha.yiTig. a relativiely low yield strerigtti :and7or 
:mipduius. The^ seal may: cpmprise an. inner se^al member and 
an outeir" Lseal. member adapted to. be located around the 
.inner seal rmember and the outer seal laember irtay comprise 
a sieeye, ring or collar and may extertd over part or all 
of an unexpanded length of the inner seal member. Iii 
ttiis fashion,, when the tubing is: ekpahd^d, the inner seal 
member is at least partly compressed between the tubing 
sections and the outer seal member- This is of 
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:parti?Gij<Lar- us^^ :w^qf;e a ?ur,rQuiidi^ bQrehoIe; casing or 
liner l^S: 0Mplt^^f;yv$i1^di sufeh. that ah iiinex; -wall of the 
^sirig )Ya a b^ome uri^veriy :fi6r. example, thropgh coirrQsixDt) 
In these cirGi^jmst^ a seal, withpiitv such; ^ ouJt^ex seal 
.5 ineitibex may nc^- fee x^ompres^ed sufficiently to adequately 
s^al, the seqtion i^lnt . /The outer seal m^inhet, how^^vexv 
proyldea a^ consistent internal surface to compress th^; 
inner seal member on expansion. This ;is of further us)e 
where the tuliiiVg is to Ke lox^ated iti ah open hOle>, ^here^ 

10 the borehole wall is typieall^^ uneven. 

The Qiiter; sea;! meftJ^^ <may carry the inner seal 
meitiber aiicl may Include a recess such as a groove, slot^ 
channel the li^ke ±n which the Inner seal member isi: 
mountedi The outer seal member may carry a plurality of 

is. inner seal memb^r^ m§ may lne:lude ja i^seal ^nernber vadapted^ 
to be 10G:at:e4- e^lth#r' ^^i^^ of t:he j oihit:^ :lb€itjtfeen the- toabing 
sections^ 

^3;terha|i^i ^^he. tiibln may further ^rpmprdse at 

9P^ J^^straihl or fixing member adapted ta 
res^trail^^ ;agaiiist ^a^ial movement in at- ie;ast one: 

axial: alrectloh The^ restraining member: may :be coupled 
to *r mbuhteid on one of the txibihg sections and may be 
adapted: to receive the seal- The re;st raining member may 
??straih the seal against axial movement during expahsiph 
of the tubing,: by translation of^ an expansion tool 
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tihroiighx thp t^ubiiig ^ This max aisp ^ptotBct seal f rom 

d|(]raaige ahd/pt mbyenvQii^ during run-in p£ the; tiibing into a 
borehole... The, reslrrainijag member ami the .seal -may take 
the form, ofi the oxifeer jand inner s041 meiribters/: 
,r espect iy ely V defined , above ... 

in., a further aiternatirve., the. tubing may fiirther 
comprise at i©ast> one support ^r re inf driving inember> the 
support member adapted td support the Seal: by i>X<WXiii;rig a 
clamping fdree. to securely cl^nip the seal prie; !and/ar post 
expansion to the tubing and/or td Resist axial, limdyen^ 
of the seal. .T:he 3uppdr.t memb^er may be prpyi^^ 
integrally: -with the seal :mer^ may.^: for example, be 

embedded dr. mdurtt^d in the' seal; Al^ernat;iye%^^ the 
^PPdrt- ^iiiiember iriay" be pirpv^ided externally of;: the :seal, 
15 for exafl>p;le>: Mdunted^ on or;> ardu- a radially outer 
surface? df th;^ s^^ai^ Tfie stippdrt; member^ emprise a 
sleeve, ring dr the iiJce; a plurality pf sireeyes^/^ring^^^ 
or a wire or: q^ble. the ^eai aiid^pp^ 
the fdrim of the inner ahd outex seal vmembersv 
20 respect iyeiy defined aboy^v 

In a further alternative, the seal may odmprise a 
plurality of seal members or portions of different 
material :properties;; Eop example,, the seal may comprise 
at least one metal seal member, for metal to metal 
sealing, and at least one elastomer ic or rubber seal 
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■rteiriber... The seai members may be. adapted to cooperate 
with a cpTrespondrng seal member ca^rietl. b;y p tuiJing 
seetfon.. 

The s.eal ineiinberjs riiay be spaced axial ly along the 
seal sleeve and/br- thf, tubing' such that:^ When the seal is 
coupled to; th?, ^ tubing sect ions;* a iplurality pi seals may- 
b'^ defiwd^^ ;daj^Oent ;^^ls> optionally havvring, different 
material properties.; 

ficcprding to a second aspect of the present, 
inyentionr tiifre is; provided a string of expandable: 
tuba ng; : compici s in^.-? 

a -plurality of expandable tubing s6etiohs coupled 
together-:; and: 

a :i>luraai€y of; seals locatigd: around A selected at 
least one of; the :jQijit:S between the tubing sect;ions> 

Furtiier features lof the: tubing s;ectaons and: the 
seals are defined above. 

According -to' a third aspect of thfe^ ipresent 
invention, there is provided a connector, for ^expandable 
tubing i^ptiions, the- iconnector) cOmprisiiiig^:; 

first and second j^ortions each adapt eid^ to be 
provided on. a respective expandable tubijig section^ tlie 
first and second portions adapted to be coupled to.gethex; 
and 



a sea-l a4ap:t^#^. to pe WcaXed arpuncl the; -first and 
^?^«??;<^ P-9*tipns. to- seal a joint between, the portxons, 

ft; will be understood; that the^ seal functions; to. 
§-^3l the joint bet.weien- the, first and. .se^eond ^pottions of 
5' the GonnectQr in the same: la^hion as; the; joint between 
the. exjpandable tubing seGt:kons, as de&Gribed: 'abipye. 
Ftirthier^ -fieatures af- tK© eonneetdr 0tisii fehg .sefl are. 
defined labove:. 
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to a -fQurth aspect, of: the present 
invention,, there is prpyide* a seal for ;expandable tubing 
.sections^ thfe seal ad^ted to: be located arbun<l adjacent 
^^JtjJafndable tubing sections: t:o seal af joint between the 
sectiphs , 



to a fifth aspebt" of the present 
invent ibn>: thece. is^ ^ wet^od; .of .sealing: a. joint 

between expandable i^ubiiw :sex?t^ th^ method .c^xnipri^ing 
the' steps of: 

cpupllng expaiidable tubilig sections tpgether;: :and 
locating a s;e:al around the expandable tubing 
20 seGtibivs-. 

•I^^e inethbd, may comprise coupling the tubing sections 
together: and then locating the seal around the tubing 
sections. The seal, may be located overlapping the joint 
between the tubing sections, and may straddle the joint, 
m one embodiment, the seal may be mounted on one of the 



25 



15, 

mimg .section;s and then, translated ta a location; seaiin^^ 
the 0 pint, where the .seal .may straddle the joint. 

^iliternafciyely, the ntethGd may cdmprise coupling a 
sgal member to-, each .rohe :o£^ the tubing sections and; 
SAibsequentljy fioupiirig the tubing sections together, to 
conjpress, the seaL mmmr "m Wethbd^ ^may comprise; 
iocat^a:ng the^ .«iemb6rs oyetlapping axial end: portions, 

&f thw tubing secty?ons, ^s describee^ aboye^. this ma^r 
!^.^!van<?e sealing o# the joif^t 

The: method: mai^ eranprise locating a sedl^ comprii^sirtg; 
m :iH|ier seal member ar^tund: |he: tubing sections and ah 
Outer :seaa: :member^ of a TO^eriafl havings a higher yield 
Strength, and -modiilus: of elasticity; ^han the, inner" sfeal. 
irtembe^, -arpW; the inner seal member. The outer seal. 

m -fee locatet around tlie inner: seal ^pember 
fiibsequeh't tg- Gpupli.ng the; tuMng sections :together/ or 
the inner and; outer ;seal members ma^ be provyided as: a 
^eal uhlt ^tp. be: located around the tiabtrig ^ections- 
together . 

rri. a further alter native,, tlte sea-i may be located 
^ith a potion extending beyond an end of one of the 
tubing sections prior to coupling the Sectiphs tbgether 
and the other tubing section mdy then be located in said 
portion and coupled to said tubing section. 
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In ;a ;sfei,n, fuirtvhec alternative, the .se^i may he 
mountexa on one of the tuiplng' seGtions In -a fi'rst. 
cpMi^ujratipn. and; then, :de*<?rraed' or otherwise; mm^d tq^ a 
second,. iipn-^3tling configilration> by deforming ^the; s^e^l 
•fsuch :as by fdldlng tke seal- bsiek) . The tubing, sections 
may. then be po^pf^ to^tlyefi;^ m<A th«ei; ^Sal .siibseque;itiy: 
xeturrifedi to the pc^nf^giiratioh, to seal the tubing 

seetions . :imep$0:mm:t. t^^e. .sgal :;ni^y Be. ^m^^ 
tubinig sectliph, in. a" flxsit, npitv-sealirig configuration and 
subsequently to a. secphty :seaiing: configuration 

The; met^ipd may :Compris$ restraining the seal -against 
Ixiai movement in at. least onei .direction, € Or examgiie, ;by 
t;pupling a restraining member to a tubing section and 
seal :in or cpupling' the s^al. to th^: 
rest rai nihg :membe^^^^ 

metttpd may cpmprise caaraping the seal t6 va 
tubing jseptipn orsing -a :supppr4; pr reinforcing; member> 

The step of locating fehe- seal around the: expandable 
tubing; sections may provide, at ieast^ an initial seal pf 
the^ joint, faetween, the sectioiis. Additionally pr- 
alterrmtivel^^ the method may futther comprise expanding 
the tubing sections, to compress the ssal anc^ seal the 
j pint .. 

According to a fifth aspect of the^ present- 
invention, there is provided a method of locating an 
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the steps ot: 

cy5AapI±n§ 5f tJluirf Mty 6^r expandable tubing sections^ 

locating a seal around a. .^elected: at least =drie joint: 

^between ad j.a.9ie.ht:: tubing sections,; 

Idcatmg: me expandabl^e tubing in the b6re^pl% #nd 
expanding; at least part^ of m& expandable; tiibing^, 

compxessing flie at least: one seal between tMe borehole 

atn|E "the expandable -tubing. 

It will be -understood- tkat .the' t?ublng; is- typiGially 

located in: tubing: casing, M^^. expandable^ fsand 

e^cclusioh based tubing. aSsenibiiesv oi: pi^^ tiibin^ 

p^ewidtisly- installed: in the bbxeihoie qt in an oper^ Me 

= envii;c^^ n t . 

A^rcortog #o a isixth aspect qf :the ;pi:esertt: 
i|weh^;iQrv, there is: provided ttibihg comprising:: 

St least tm tubing sections ;ad3pted to h:e ^coupled: 
togethe'r; and, 

a seal adapted to be loea^ around the tubing 
sections, to seal :a joint be1?we^ Jthe -sections. 

According ^ a seyerith aspect of the present 

invention, there is, provided a method of sealih^v joint 

between tubing sections, the method comprising the steps 
of: 
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dqupling tubing sections together; arid 
ioGating a seal arpiirtd the tubing se.ctipns . 



BRIEF DESCRIPTION QF pRAWINGS: 

Embodiments of the present invention will now be 
:des:cribed, by way of- ^xait^le oixly^ wi=tiv ^ceferenqe to ;i^e 
acGbiftpanyihg drawings, in which : 

Figv 1. is a longitudinal: sectional view 

expandable tubing in accordance With aft embodiment oi the 

pmmit invention^ shown' located in casing lined 

i^prebqie prior to jexpansiori of the: t.Mbing; 

ilig. 2 is a view ^of i^he tjibihg of Fig. 1 after 
expansion; 

Fig, 3: is longitudinal sectioiral view of expandibie 
tubing sections shown before beiijg coupled tpgether to. 
^om expandable tubihg in: aCGOrda;ice; with: an alternative 
eipBqdiTOent of the present ihyehtig^^^^ 

Fig. 4 is; ai; vievr 5of iexpaSiciabie tubihg sgct^ons 
ot. Fig, 3 coupied togierther td fqrrtv the expandable tubing, 
shown located in a casing lined :£>c.#ehqle but prior tb 
expansion of the tubing:; 

Fig. 5 is a Idrigitudihai sectional view of 
expandable tubing in accordance with a further 
alternative embodiment of the- present invention, shown 
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located in a casing. -luiey bQ^ehpijs ^prior to expansion &f 
the tubing; 

Fig. 6 i^f a ipngltudinatl se.GtioTiai view of 
expandable. t:ubing: in acGordanQ^ .with a sMli fuir|:h:^Jr 
aiternativs embcidiment .of: the present tinveritiori, shpWn: 
located in a: casing lined borehole prior to expansfion of 
the tiibing:; 

Fig.. 7 is a longitudinal sectional view of 
expanilable tubing in, ;^c.c#dan:ce jwfth. .a yeit further 
valteMatiye; embodiment, :tfie; prigsent: invention;, ^hown 
prior to coupling ©Hpandaljle 'tufc>ing sections: of the 
Cubing together arid: jirior to exparisioh of the tubing,- 

Pig,. 8 is a view of the^ expandable ' -tufeing; sections 
of Fi-g. 7 fbliowing coupling of. rfihe expandable tubing 
secti-ons; together/; 

Fig;. 9. is. a Ipiigftadin^^^^ sectlona:! view of: 
expandable tubing' Irt accordance with a yet further: 
alternative embodiment of tm ©t^sent. inventkitt:, smm. 
pcipr to coupiing; expandable, jbubing sections of the. 
tubing together arid; prior tp expansion ,of the, tut>rrig> 

Figs. 10-^12 are: views illustrating steps in a iiiethoci 
of: coupling the expandable ;t:ubing sections of .Fdg.. 9 
tpgether; 
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f^t, i3 Is a iongiitijdihal ^ha|:f:^5)eetiQnal view of 

«xpandai5ae feubing ap- ac:(^briar)fee^ f^tfe .a vyet fyrfher 
alterhaMve esgDoda^ the jwresfint, invgirtion-; 

1:^: is: a: iongij-udinal, half-seeti^jnal wiew of 

fexpSrvd^a?^ mamg iw aecorcJanp;e> wifch a. yee f^jr^ieij 
^■•■^^PSIi^e embodiment: of: the. present iayehfc±div; 

^'ig.. 15 i^ a loogitudinal ihaif^sectional vl^w qf 

exijandabie tubing in. accordance with :a: yeiJ^ iuirthe^r 
Ki-^m&tly^.. embodiment of; the pr&seht iifi^htaon; and 

Fig. 16? is a longitudinal half-sectipnal yiew of 

expandable- iubing in ^cprdanqe with a ^ fijrthet 
aMernative. lembodiirierfl: of the^ p^eserit invention. 

PETAILEP: DESGRlPTaON OF DRAWINGS 

burning firstly to Fig. 1;, there is shown a 
longitudinal sectional view of expahdable t-ubing in 
aceordance with an embodirnent of the present invention^ 
the tubing indicated generally by referepce^ numeral 10:. 
^he tubing m is shown located in a borehole 12 which has 
preylpusly been lined with a casing 1^, and cemented at 
M a conventiPrtai fashidh,: The, tubing 10 is shown in 
Fig^ 1 prior to expansion, of the tubing inta contact vlth 
the: borehole casing I-4.. 

In general terms, the expandable tubing 10 comprises 
expandable tubing sections 18a, 18b coupled tbgether. to 
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form the tulping :i:0:> .ar^d a seal 20 located around the 
expa.iRfclabl^e tubing secjtapns 18,a,; iSb,^ to seal a joint 22 
between th^ tubing seGtipns . 

^xpandabl^ .tubing 10 which, M this embodiment 
*=.W.^I:S6s a solid expandable Mner for gaining access to 
a Ihydrp.Garbon bearing forinatioit belpw: the. casing 14, is;^ 
first loeavted in the borehole casing l;4;: as shown in Fag.. 

1 . The liner tubing 10 is then expanded as shown in Fig^i 

2, to^ bring the seal 2p' iffitO: cohtact irfith an inner wail 
2:4 of the ceasing tm seal;- ;2A is; vthus; reompi^essed, 
between the inner miX 24 of the easing 14 and: aft *sutef 
^surfa;ee 26^ of ^e tubi;ng :liO, lb seal, the - joint 22 . This 
Compression eau:3es elpngati.pn. pf the seal 20. 

iriviirtOre: detaili, the isxpandabi^e tubing iO' ti^jyicallY 
pomprises a- laJ^e; number pf pxpandafele twbing sectipna 
coupied together to fprin, an expandable tubing stringy 
which., may extentl for "hundrerfs' pr, thousands Of feet along 
a length pf the bpr^hole 1.2:. however,/ Oniy two such 
seoti-ons 18 a, 18b. are shown in the. Figures . 

E.ach; tubing section liS-a, lab Carrrieis a itiale thread^^ 
E>0-r:t:i6ri 28:, forming a pin, and a female -threaded E)ortiPn 
30, forming a box, at opposite ends thereof. Adjacent:. 
slectiOns of expandable tubing, are coupled together- by 
threading the pin pf one section into the bpx of an 
adjacent section, as shewn in Fig. 1. The pin 28 of one 
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sec^tiGit and: box, W of the adjacent s^cgElon: together 
Jorny a; coimectpx 23:. Moiti, thw pin 2i8: ^rid :box 3a are 
S?i;pwi:d^(i as. stet' subs Welded to t^s ferid of .respective 
.solid texpand;sbife tubes 32a., 3^b, :forinirvg; roaln parts. o£ 
the tiiMn:g sections^ arvd the pin 28 arid, box 30 are 
e. 



Thf se^l;: 20 comprises -a. short .sleeve, of an 
filastoniej^i^ rjibber ar irtielai rreiatijwely^ -iow yisid 
^t-rehgp a;nd nuxluatts -of eXastiGxty, sudfe ^as bron^fe ;or 
^eadv The seal. 2.0 is located around the joint 22 between 
W ^bin# sec^ons; 10a:, I8b ^at surface following their 
feoripling together and prior to running the expandable 
tubing 10 inta the: casing: 14. this ds achieved by first 
locatlher the seal 20 around the box 30. of the tubing 
section: 18b at :a level below an end 34: of the box, and 
then thjEeading #ie pin 28 of the tubing section 18a ihto 
tiie box 30, in a conyentional fashion. The seal 20 is 
then moved upwardly to oyeriap the joint 22, sealing the 
joint, and is fixed to the tubing sections using an 
adh^sivey m by welding or; fusing, it Will be understood 
that this- prG>cedure may be reversed and that the seal may 
be initially located around the pin :28> Each joint 
between; adjacent tubirvg sections forming the expandable 
tubing 10 m.ay be sealed in. this, fashlori using seals 20], 
of only selected ones of the joints may be sealed. 
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the GQn^.et-esi tubing « is then, ^^yn; 4.nt:o. the casing, 
14^ as. shown, in. m.g-.. arid is ^oeatecl relative to the 
casing 14. Ijy any app^oprjiate mearia..: /For example, the, 
tubing 10= ma^ b^. ?uspen<iecl, from the casing M by a linec 
hangefe. ^i^e^rhatively^ the; tubing lO is temporariiy 
siispend^ci- from, .surface; until, such. time. as. thfe- tubing iO 
has bfeefri expanded. An expansion t<x% suiish as aii 
expansion cqne tor mandrel, or 'a- rdtiary tubing :expansiQn 
■^opl, such as t^hat ;ciisci€>sed in the ?ipplicant^s 
?"terha:ti^ patent publication no W0QO/3^:76;6 Xor a 
ec«nbina;tibn thereof):, Is thfen p^ss^d: Ihcougft -the tubing 
.m bp .radially expands the' tubiitg. Fig:, 2: illustrates 
the: tubing after expansion,, ^ere the %mrig sectioxts 
iafe M^e jseen radially fexpand^d: ^intd ccintact; with 
the casing: inner wall M.: The connector .'23 has also been 
expandei* .eadially outw^rdiy, toinp^^ssing ^the seal 
I^etween: the borehole innfer wail 24 and, the tiibing outer 
.surface m. It, will -bei Xinderstoqd that the .seal 20 is. 
illustrated in an exaggerated fa:shioh in ::Fig_.. 2, which 
My not- rfepre^ent the true- jappearance of the seal, 
f ollp.wing expansion ;o'f the tubing yX. 

the seal .20 is thus held under compression to seal 
the joint 22^ preventing fluid ingress from within or 
surrounding the casing 14 into the tubing 10, or egress 
from the tubing 10 through the joint 22, as may otherwise 
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pceur da^ to, defprmati of the pin 28 -and box 30 during 
the expaAsipn process. 

Turwirrg now. to Fig.. 3, there is shown an, expandable 
tubing^ in aceojfdance; with an: alterttat^iy.e^ embodiment of 
4h!e present: inventvion., the tubxiig olridieated generally by 
jrfefeKencev riumeri^ itQp;, ji^iJce Components of the- tubing IpG 
'With: tite tmp^. W &t Figsv i and ^ share the same 
^sf^^rence numerals, incrementjed by 100> jDnly the main 
^^TOerences between the. tubing; 100. and the tubing 16 wi-il 
be described in, detail . 

The tubing 1.0 Q: compris.es: an' expandable; solid .liner> 
and th:e= seal 120 comprises two seal portions in the form 
of -first- and second, se.al .members 36,, 3i8:,: whiGh are 
sleeves q# 4 similar materiai to the seal 20 described 
abpve.v Mweiwer,, the first s.le.eve; 3«; is. ca^rried by the 
pi.tt: 12.8 on tubing section 118^ whilst the second sleeve 
^8 is .carried by the; box 13.Q on tubing section 118b. 
mm. iihe tubing: sections: irSa., Il8b are cdui>ied: together 
M- shown in ,Fig-, 4, the first iand second .sleeves 36, 38 
axe; brought into- abutment. The. sleeves 36, 38 may be 
located: overlapping end pbrtibna of the^ resifective tubing 
sections.. Specifically-, the sleeve 36 may be located 
pverlapping a shoulder 40 ion. the piii 1^8, and the second 
Sleeve 38 overlapping the end 134 of the. box 130. When 
the seal sleeves 36, 38 are brought into abutment, there 
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fi-s an. :in4-t|al compreasiGn of the sleeves to; prQyide a 
"?#;^iM: -f <??*-<^^^^ ipRroyes- sealing- of ttie; ■j.oint 1-22. 

>As ■shown in; Fig, 4 , the s.t^ing of. expandable tubing 
1:Q.P. is.. IpcatM- in a> .borehole, easing 1-14. in a similar 
:fMftion fo th& tubing; 10, aird; V& t?heh expanded. 
Cpinpression: x>f; the. seal 120: =ire:?ults mi jan enhanced; 
sealing feffeefe ^oh- thfe joint; 122/ as tlie seal sleeves 3.6, 
38; eiongafefe along^ the length, of the, ^tub^ng; iPt in, the 
same: ^way afs th^ ^igaJ, ,22: illustrated, /in Fig, ;2y erihaneing 
the; mating f prge between: the sleeyes,. 

Turni^jf .now to j^lgi.; 5, there lis shpwi; :.a longitudinal 
seGtiohal view- of ah expandable tubing 200' in: accordanGe 
with a: further altjetnattve emfeo<4im§.nt :of the .present 
invention-, in-dl^cated. gehera:ily by reference numeral 200. 
The tubing' :2Q:0 is similar; to the tubing; 10 of Figs,., l and: 
2>; and like Q:QmE>onen^^^ share, the. same x.eferenc.e rnumerals 
i hGr emen t ed by 2 0:0 .: 

Th« tubihg 2pO- differs from: the; tubing; 10 in that 
the. seal 22:0 o? the tubing 20.6 comprises two seal 
partiohis .ill. thei form of an inner seal =member 42 arid .an 
:©ut6r- iseal miember 44. The inner seal member 42 is an 
eiastomerio rubber or metal seal sleevey and the outer 
seal member U is a seal sleeve 4;4. of^ a material having a 
higher yield strength and/or. modulus of elasticity than 
the inner seal sleeve 42, typicaily of a metal such as a 
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^steel; Tlie, q«ier vseal sleeve. 44 ig, Ipca^fed around the 
inner: sgai. sleeve 42. fb:i-lowing connectiori: of the tfubliig 
.:§ex2fcions m^, 22m txjgfetlier and^ Ibeation of the ahher 
sleeve 42: around the; joint 222. Alternatiyeiy, the seal 
220: may be provided as a single unit . 

^Wheji the tubing zm is expanded, the inne:? seal 
s;ieev0 4:2 Is :d<5mpreS:Sed between the outer seal sleeve. 4,4 
M the outer surface 226 of the tubing .200, to se^l a 
joint: 22? beJiween .se.Gtions 228a,. MBh ofi the tubihg:. 
vrhi;s ensures adequatde sealing of the joint 222 in- .a- 
deteridrat^d casing wltere the xnner vdXl 224 of; the 

easing 244 has suffered from corrosion and has become 
pitted^ Tbia. typically^ results in, the internal bor? pfe 
$fte^ easing 12^4 being of an inconsistent internal 
diameter. In these circumstances, a seal of th"^= t:ype: 
iliJustrated^ gigc,, 1 may not be', suf ficient to! ensure 
adequate sealing of the joint, as the. seal 20 may not :be> 
sufficiently eompressed: following expansion. This, 
is obviated by- use of the, tubing ,200.. 

6 is a longitudinai. sectiona^i view of 
le tubing in accordance- with a further 
alternative embodiment of the present invention, the 
tutying indicated generally by reference riumerai 300, The 
tubing 300 comprises elastomeric inner seal sleeves 342a, 
342b and a metal outer seal sleeve 344. The outer seal 
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sisey^ .344 is iocate^ trpurvd: .th^| inner seal sleevr^s 3^2^, 
3m fbilowiftg^ Wftec^-lori; o£; ;tut>iLng^ ^ectiorvs 328a, .328B 
i^^^M^, T^^; :eubing JOQ is. expanded in. a similar 
fashion; to. the ^ubi^g- :204) of ^-ig.. a^d.allpwa adequate 
^fei^iiJt or ■:a., ^c^nfc 2^2^ :bei^ie^n the; expandable; tubi^^ 
^se^tipn^ 328^. a2eb, e^en i*. a deteriorated, casing,, 

Turning now to Fig. 7, th^y^ g^^wn expandable: 

tubing ir. :aceordance wittv a- y^t furthec alternatei^e 
^ndDodimgni. o€ tt.^ p.e^m In^reritidh, indix^afced generally, 
fey reference numeral: 40^) and; shown. ^ ^ p^^^ 

connectien of eKp^i^dabl^. mymg seeiions: 41^,^ 
tpg^fiet. It will, be not^d^ tha^: lijce -components of th^ 
tubing 4X^Q with the Nblng IQ ^f ^Fig^.^ i ^^^^ 
same ref erenicje ^rttMftgralsy incremented by ^(yS, 

The, tiibing: Am MmMe^. a s^al 4:20 located; on .a. bo^. 
^430 x>f tttfe i^jji^g, seG#d:on 4:iSb a portion .A.6. .of the 

seal pyerlapp W and extending^ ^>feyQrid an erid :434 :df 

1^^. box 43:0V me ^in 4^8 i^. .mated with ^e box 430 by 
locating the pin 428: ifv the portion- 46: dfc the^ seal 42p>- 
before liowering th^ 428 and conneciing: th^ pi^ to^ the 
feo^^ 430. -The seal 420 is: thus located prior to 
connection of the tubing sections- 418a, 418b, and seals 
tife joint 4^2. between the tubing sections following 
connection. 
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Turning now m Fig. a> ther^p. is ;sl[ipm a, ilvPngitudirmJL 
s^Qtionai view <>f ex|>aMa;tjle tulpiog in aGGordance wit^ a 
:xet fiirtJTier aitf^rnaMve embodiment of the present 
ih«ientic>n-> tbe exp^daMe: twbing in^icajsed genecaily .by 
*e^ereriGe numeral .5:00, Like cpmppnents pf the tubing 5.00: 
Hith the .tpbing: W. iQf Figs. 1 and^ 2^ share .the :S^|M 
••reference numerals, incremented by 50.0. 

In a similar ifashion to the tubing :40jO of Figs-. 7 
and 8,. the expandable tubing 500 includes; a seal 520 
which, is located on a box sm of a tubirJg sectidrr 518b 
t>rior to eonnectirfg witk a pin 5?8^ m an e!2?fanda3ble: 
tubing section 5183*. 

Thei j^isai S^pS is ;3^GatM on the iipx 53^0 in; a fdxrst 
<2onflgur&tiOtt mmti in Tig, 9, HpweveJt, the seal 52^. is 
elasticaliy dfeformabajg alid is ;fiplded m peeled, IwcJc awacy 
farom an ertd sM df the^ t»dx tofe a secprid, npn^s^lihg 
position^ exposing bdx end 544, The; pin :528: then^ 
lowered- and cTdnnected to: the' box saO-, :as shown in: Eig-. 
11, and the seal 52;(> .is subsequently returned to the 
first position^ t^hereby; seaiirig: a jpinfe between, the 

expandable tiibing sections 518 a, 5l8fe> as shpwn in Fig. 
12. 

Tuxning now to Fig_. 1:3, there is: shown a 
longitudinal half-sectibna.l. view of expandable tubing in 
accordance with a yet further alternative embodiment of 
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the present .iwent-ipn, the expandable tubing, indicated 
generally by reference numecal 600.. .Like. tdmpynehtS; pi 
the #xpahdab:ie tubing :60.0 with the expandable tublhg 10 
of Figs., 1 and 2" share the same refere.hce .numerals/. 
inGremenJfced .'by- 60!0 . 

Ihe expandable £ubih^ 600 ii>cilude^ a, s:eai .6^& m m 
elastlomeric- or; dttter inaitetif 1> siiniiar, to ttve: seal ^Ol 
*he expandable t^bihg 1% fes^fsawing rnembesr" 53:8 hi 

the: form; of a ^sleev^ pT a, rtia^e^ial^ ;havi?ig a hxghei: yieid 
strengtiv andyGoir -Ypu^g^s^ .%>dijlus tlian; fche; sjeal 62Q; is 
nvouiited pn a nboj^ V63X) p£: an ex|>andafete^ teubing^ .;sectidn: 
618b>. and sftapeci ^tb receive; the: seal ^620'. The sleeve 
638 restrains, the, seal :620 against: axial moveitfem during: 
ex^ansioh- pf. it*!©: $:ubingr 60 0> rlpr: example, by passing m 
^"^^^m iPpi -thxpugh %hei tufeing 600; in the directibrt: m 
the ac3?PV' a> ;anW :;thus supports; the iseal ,-62:0. 

A^^SQ/: the al^^ve <6;3:ft Is tapered and: t^iereby ip^ev^rtt^i 
damage f p: the -seal €m when: $ubing= 600 is ^rim iriitp a 



It will be understood that- the. iprinciples behind 
Gdnsta^UGt3.dn of the tutoing 60:o; may be appii^ed to any one 
of the expahdable tubings-^ 10, 100, 20O> 300, 4M or 500 
described above. In particular, the. sleeve 638 may 
extend along ,a majority of a length pf the seal 620, 



affording the advantageiS: desxsribed above in r^aticiri; to 
the expahdabi^ tubing bxi SdO .^ 

Turning jxw tf?^ Fig- 14> -thea:e is Sthpwn: a 
longitudinal half^sexitip^^ lJ^9^ <3'-£ expandable, tubing ,in. 
accordance with, a; yet f^ar;^^ alt^rnativi^ embodiment 
the. present, ijriventi^ the;, expandable, tubing indicate/ii: 
generally by referenee numeral. 7.0;0:> .Li.ke components of' 
the tubing 700 with the tubing ,10 xyf Figs^ 1 and, 2 .^har-e 
the same referenee: numerals incr^emente by 70Gy 

The tubing 700 ^includes, a seal 720^. typiccilly q;| m. 
eXastome^fi^ material .aind a sj^pjport: or: reinfi>r<^^ member 
738 in the form df- a; siee^re^ of a higher ^rield alficength 
;and./or Young/ s Modulus than the. seal 720,. 

The :sle%ive 738 is formed integr^ally ■With tiie. 
elastomerviG seal 736; .iDUt mair ^equally be mounte^d pn .ah 
outer surface or ^otherwise ^cbupled: ta; the seal 7356;. The 
sleeye 738. exeats a clampi^ig: fbrce on the seal 720^ tp 
assist in iriaint^i^^ the^ seal ^0 in a ippsltion. 3e:^iing 
a joint 722 bet>/een expandable- ^^t sections 7i8a;> 718b 

of the tubiiig 700^ both during run-in ta a borehole ;and 
following; expansion. 

Turning now; t0 FS<3^ ISv there: .Is shown a 
longitudinal half ^sectipnal view of expahdable tubing in. 
accordance with a yet further alternative embodiment of 
the present inventibny the expandable tubing indicated 
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gen^rai^iy :by tefiie^enci^? numeral S^lp-s; IfiKi?: c©mp^ 'Of 
t:li:e ekpiahdable tLiibdJng >8Dd: wath the exparidabie tiabia^g ^1-0 
Figs;. I ariLCl 2 shaj:^:. thje: same :re£e^7ence nAMjesr^OL^^ 
inGrement by 8P<Q 

The expalda)^^ t:aitoX?vg &00 £s -essenti^aiJily slmilfSbr 
the: -expandc^ie. toibiTig 7Q;Q: qf |;ig.. 14:# except the ^ttxbing, 
800 inc iucfes :a^ ^eal. 820 ^nd a sSgpbi^t ^br xeiTilEbsclng 
member in; the ;form jpf a minJ^ of wires or cables. 8;3;& 
formed £hteg;r a wijthr o^r {i^^ arotindryie seail 

82:0;, to provide a clamping: ;f or^re i; 

Wher^ thfe wires: 83:8 {or: :ind€ed ayte^y^ 13B of 

tubing; T^O;o| iisr iQ:eated )aTOtmc| the #ea3; 82^0> or :;f<>r 
ex^^mple: in a groove: in the seaL,. the tybing; sections 
saSa, ;818b may be edupled t^oge^er ^hd ;sealM :)*!?i*ig onfe^ 
Of. the structures: and aceprding to one of the methods 
de5pr;ibea above. ^the mjces -i^^ thein sub^eq^ be 
iqealied: around the seal 820, to -provide a: ciaiiipiBg f<^^..^ 
This facilSi^ oniountingi the secfi 'WZO ;dn the tub 
by only creating: the clamping Eoree afjtei^ coiygaJ^ng: ^Md. 
sealing 6^ tlte tubing :s(^ct iQns>: Ai8a, ]8li8b,, 

Tur;ning:: now to: ^iig^ liS, there is? ^shSi^n: a 
lohgitudinai h ai f r;s e c t iona 1 view: of: expaiidabpL tiibin^ iiv 
aeeordahce with a yet iurther alternative ^^xibpdiini^^ Of 
the preseht inventioa, tlie expandable tubing indicated 
generally ;bj/ refexeric^ ijurheral :9ao. Like components of 
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;feb!e f^p^nd^i^Aiet^ tA^bing; 900: with> t^he expan^dabie :tubiag; 10- 
o£ fiigs> 1 anid ,2: t^lie same xeference numeral s,^ 

;;inccemenil:e<^ :by' 9;QjO - 

Ihe. expan^iab:!^^^ tub^tiig SQQ esseritiaiiy coitibine^ Mhe 
features of the: Jexp^iiidaliie 'tiit>i^g g:0;0;, W& anci MO- ^of 
Figs ,, 13;^ ;i4 and 15:-. Thu3i the .tubing : 900 ihqludes a seal 
9?0 with a> restr^aininig^ &l.eeve :93^ia, a .^Ifeevje ^9^8b whidh:: 
e)ififrt^ a clamping force? on the: seal 520;^ and reinforcing 
wiires; 93^c:/ thereby combining each of the advant 
di§ctos3ed abdlte i 

Jjri ^pafticiilaa::;:. the /sleeve: W^8b may- exert a 
relatively /greater ^Glamping; force than: tjie: ^^re§ 938e> 
facilltatl^ pQnhe|:Gti:cn of the expanciak>le tiiblhg section^ 
9l8a> 93?8bM. For^ e^ampie?, the sleeye :93Sb fa^ /pi^oyi^i^ 
iiitegraliy iW|t)^ tlj^ seal 920;^. andi the wlres;; jnoilr^^ 
around: the: s;<ea[l |>2P- fdlloWinig conne^i^tiipn :Of the tSibith 
seqtiphs; 918a/ >91^8b^^ This facilitates connection; of the 
tubing 5ectiQi|i^- 9^8a> Msh in> %hat; the: iclaiis^^ ^bf<Se 
exerted by tlie wires 9:^c is only exerted: sabseiqti^eri^ to 
coupllhg :qf' the- tubing sections ». 

It will Jbe undei^sto that,, irt: further alternative 
embodiments, a. seal may be provided iiVcG>:rporating^ two 
sleeves, which ^nay talce the form .of the (Sleeve^ 13^ o£ 
tybirig TOO, the sleeves spaced either side o!f the: joint. 
722, or indeed wire^; -Siich as the wires 8:38 -of tiibing BOO 



J^4y • 'be: prwidecl on both; sdtdies iaf the joint 822. Iri a. 
further /alfcernatiyer. the cpntxgut^^n of the sl^eeve 9^38to 
anoi; W;i^re:s^; SM^. Jb £he tubii^^ 90Q =of Fig. 16' pay: be 
rev;ersed, -^XiGh th^. the wires, '938;c iare provided arxjurid 
the; portion rof the seal -$20 .on^ the box 93 0> f^k<^t ^he- 
s3^eYg/wir:e ma^ o:veriap the x^spectiye joint. 

Fyj^Kermore;^ any one of ^Ehe seals may vbe? vahgleid 
(taper^id;) In- tji$: fashiori of ttie^ si^als^ .620, -920 jof- th^e 
Cubing:- WO: or; Stf>G. 

It. ::W±11 be under stopct |:hafc the: principies; of any of 
the tilings TPOv Mff qfe 900 n%y equally !be eTn|>ioyed; wtth 
the tubings iQ/ :lftO:> 2M^ ^Ot):, iOiQ: or 5X>b desGJdifeed 
abpm^^ 

Various ^mpdif may be made, to t:h<e fbregpiag 

wi:th the ySGope of tthe, ^gies^ent; iiiviehtion . 

For jexample/ ithe tybihjg ^comprise :s3:c>ttie<J or 

Qtherv^ise ^perforated tubingV; ^nd may .comprise an 
expandable sand exGlusibh; fcubii\g: basied ^^ssembiy; ^sucH 
the :fl^ppliehhi^':^s ::esS (Trad^a^ckl^ The tubing: may; /be: :used 
in an open: hole ;enyir^^ The Cubing sections may :be 

^coupled together^ in, any suitiable fashion, such as- toy 
stab, snap: fit or latch lock conhections. The seal and 
the inner seal members may swell in the presence of waiter: 
and/or hydrocarbons, such as borehole fluids (oils and 
gasses) and may comprise a swelling elastomer. 



The pute]| seal member" inay^ ca^ry the inner seal 
member:: andi^may inciivide a rkQ^^_ ^^9^ a groove, slot, 
■chanriei ox the like, rin wlSxch the^ firmer' seal member is 
mounted. The outer :seal .member ma^. catxy a plurality o£ , 
inner Seal members and may ;be, adapted to ptpyide. seal 
;roember: spaee^d . either- side of' tiie. ^-oinfc: between the tubing: 
sectiphsv 

In a: ;:fU;i3the^ ^iterriat:ive^ the seal may :Compri:se a 
pluralxty of; iseal: :Meiy*>e[r:s: orv portioicis of ;differen^ 
material properties ;E;6^: ^example^ the ::S;eal :may ;Gpmpri;Se 
at ieast one- mefcal. Ise^l Smemb fox ;metai to inil^^afl 
sealing,: and a:fe leasi:: ohe^ elastomeriic or rubber; seal, 
inember* The seal members may be adapted to qooperater 
With a corresponding seal; Member Carried by va ^tubing 
section:. Tiie seal :membei^^ nmy comprise an outer seal 
sieeyfe i^n^:l:uding: O^^'^ ^eai member extending 

inwardly >of the: seal, ijsleer^;^ and with at least one 
separsstte- =seal member^ 6S; a di^^^rent inat;erial ivmounted ,on 
the: seal sieeve! or a tubing section- The seal members 
nia y be of an elastomeri^E/ rubber or inetal of lower- 
strength and/or; modulus of elasticity. The seal members 
may be spaced axially along the se:al: sleeve and/or the 
tubing such that when the seal is coupled to the tubing 
sections, a plurality of seals may be defined/ adjacent 
seals optionally having different material properties; 



FuttihermotBr whilst $he piresent ir^veritiQii is 
'^•^es$^±be& herein in relatit^n ho :expanxiable tiibxngy it 
Will Be uTydeS3tood th^^ the prim:iples^ of the invention 
^may equally be. employed with: nonr expandable tubing, such 
5: as npn-expaiidabi^^ ^iqwhli^flfe tubing (for example;^ 
convent icp^nal casing, linex- or. t^ite. likej , or indeed, with 
other "types ofi tijtoing ;rv6t ^aiihd. in the downhoie: 
environment/- such^ia^ pipeli^v^- 
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at least two ^xpandatiire tubing sections, adapted tq 
be Gpupled tog;et;hjer;; anid^ 

a^ seal adapte^d to be Ipcat^^i around the exparidable 
tubings sectioiYs , tio. seal ..a :36i;n;t bletween^ bhe= sections 

^2:.. Expandable tiiblng; as. <;Ia=3Stteci rii; claiih il/ -comprrs^rig 
a ;cdttnector haviJng fixist. and second 

pQTf^iQ^ adapted to: be provijcfed on a r^^spectiye: e^xpai^able 
t'jubin^ .;5<?fctidii^ 

3^; Exparidable tub^^ as dlaimed in^ c^laim Ith^ 
iMstr and- second connector: portions are; formed integrally 
jth^; :ii:espect:i^ tubing sect ions 

%i Expandable t\ft)ingf as cia=Lmed in claim wherein, |th^ 
£irst arid secprid cp {jortiorvs ;are formed sjeparately 

and subsequent ly coupled to: the tubing sect ions., 

5. Expandable tubingr as clairaedi in any one of claims 2 
to 4, wherein: the cbnnectdr first and second portions- 
comprisie respective threaded male and female portions* 
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6 . ExpandahJrei t:ubd:ng ash ^dl^imjejd- in, any preceding claira> 
wher^^iri: tft^ seal i^s adapted to be located ov:eriapp>ing -the 
jdoirit- bfetWeeri tlie tubirig sex:tions.. 

7> Expandal^^ %sr^ i^^aiJn^ in: any preceding claim> 

w|iereii^ the sea^l^ is defpririabi.^^^ 

a,, Expandatele tubing aa claimed in^ elaiin, 1:^: wherein the;; 
seal resilient, 

Expaodabie tObing as claimed, in any ;piedediTig: :ql:a;im> 
wherein the^ sectl -is acfapted = /to be ioca^ted ^imirjA: $^h^ 
twbing :sectabiis> sAabsexjuent to coupling of tJfier t^ibxng 
sectians. together. 

S6'. Expandable tubing; as: claimed in aiiy one: of; claims 1 
to 8/. Wherein the aeal is adapted to be located around 
%fve" tubing seQtions prior to coupling pf^ the ^tubirrg 
sections together:. 

li:, Expand^bie ^:ubing .as. ^claimed in. any precedinig ciaim^ 
wherein the seal cbmprises at least: two seal, member sv 
each tubing section shaving at least :one seal member, 
coupled thereto. 
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1J2, Expandfabile :tubirig as Ql^imed xrv ciaim 11,: whecein 
the "seal inc^ludes a first seal member adapted to. ^be 
eotiplisd to -arte tubing sectiQn and: a; second- seal member 
adapted to^ be- cQuple^d tor aji: ad j accent tubing section, the 
first and aeco*id. .seal^ iSeirbeSs :ada^^ to- be brbught: into: 
abujtment, 

13. - Expandable tubing asv ei^imed; -ih claim l^v wtierein 
ih&, first and second s:eal. membfi^ris. are adapted to be 
located overlapping; respective :axi-al end poxtipns^ pf 1^0 
l;UbiBg sBctions^ such that wherv the tubing; sections :ares 
ebupledf ^cgfetheri;: ^eridis of the seal ambers are ^adapted to 
be ec3|npres3edr. 

14. : Expandable: tubing as claimed in either pi claims 12 
or^ a::3-# whi|r€|in the^ first and siecpnd seal /members are 
adaptjed to be brought into^ abutment when the tubing: 
sections ;axe cpupled tpgSttier ^ 

15. : Expandable tubing" as claimed in either of Claims^ 12 
or i;3>^ wherein the first. ..and second seal meriibers ate 
adapted to be brought into abutment in a separate 
procedure fpllowing cquplir^g of the tubing sections. 
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16. Expandable .tubing as claimed: in claim 15, wherein 
the \s.^pil 'mg^fei:^ ire afiapted to be translated along the 
tubingf; s^^itp^tis^^ 

5 ij\ Expariclab^ tubing as; elaim^^ in claimi: ill;, wherein' 
Jthe seail includeis a firs* seal mertibei? adaip^eci to be 
coupi eid t O : one t ubing sec t i on iahd: a second Sfea l member 
adapted to be coupled to an adjaceiit tubing sectiony. and 
wiiereiri the seal members are adapted to be located spaced 
ICJ from one another^ 

18.. Expandable ttdDittg as claimed in; jdlaim 1(1, wherein 
ttie: aeai ;m^mb^^^S: are adapted to ;be ferougpht, irifeo ^abutment . 
duj^iirg' e^pansioh dif the tubing . 

19i( :E3cg^rtdiaMe tubing^ ais claimed, in claim: 17> wh^reiti 
the seal members remain spaced post expajisioa, 

20, Expan^d^bie tubing :as claiJmed in, any one .of daimis. 1 
20 to ^8>:; wherein ttte s^al is, adapted, to be> mtmnted oti :on6 o£ 
the tubing sections and tfarisiated along the tubing 
sections to a location Whjsre the seal seals the joint:, 
following: coupling of the tubing sections- 
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.2;i. Expandable *:ub'ing 4$^ claimed iri: ciaim .2:0,, wherein 
the seal ajs adaptecj to Ipqa^ea ^txaddling the joint 

22\ Expandable: fejiibing as Glaimed: xh. any :pne of ^laims i. 
tb' a, v^erein: mhie sea^l is adapted tio be located eXtl^ndijig 
bfyorid. an end. of one of the: t^jibing. sections; pribr tb- 
cbjaplilmj th(§ section's tbgether, .and to receive; tKe pther. 
tMb^ng aeotipriy whereby on ^coupling the. tiibing ;3ecti,ons> 
the joirit is: sealed. 

23 Expandab as^ pla-imed. In any brm jof claxms :1 
to 8, wherein ithe ^s^al^ is rribve^sfbie^ Erom^ ;a first/: non- 
sealing: cpnfiguratip to a- seGbnd, sestling configuration 
Ibliowiiig PPWplirvg^ bf the tuibini^ sections;; :tog$ther 

24 . Expandable feubxng a^; dlaiined in eiaim: ^3, v^heirern 
the: seial is adapted: to be located ph^ said tubing; section 
in ^a: folder :non- sealing^ qbnfjLgvrs^t^ 

15;. ExpandaiSie tubindt as; claimed; i^ smy otie of claims 1 
to 8> whjereirv the seal is adapted to be located in a 
first configuration extending beyond an end of one of the 
tubing sections and then lioved to a second, non-sealing: 
configuration to; expose said end>: for coupling the tubing 
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sWcta6ns: :t^^^ and t<^ ;be subsequently ire^^urried fcb ^^the 
f ir;js;t qpnf i^giiia^i^ t<i) ^eal the jc^int;. 

Z&^^ Ekpandahie t]^ $s claimed in any preceding claim,, 
wiiereirv tlie sea^^ an el:a$t;'omeric:: 

21\ Expandabie tubing as ;Cl;aiined: in. any 6he .af^ -Glainvs^ 1 
to 25/ wherein the, seal G^prt^prise^^^ rubt^r m 

28. Expandable tubing as claimed^ . in any preceding cla^imy 
i^e^reinL the seaJl; is adapted: to :sw;ell. in: the presence of 
at least oije of wSteir and hydrocarbons^. 

:29 ^ Expandable^ tubing: as caiaimed, in any Qne ?Qi£ claims 1 
tio 2;5, vfhei04y^ the .seal :Gomprises; a rmetal .haying a Ipw; 
yield stireng^ ^a^nd modulus- d£ eiastipity relative to the 
tubing seoiy^gns,? 

30. ExpajidabX^^ tubxng as claimed, in any precedi;ng -<iiaim, 
Wherein the tuMrtig includes -a recess in: Which :at least 
part of the seal is Jdcatedv 

31, Expandable tubing as claimed in any preceding ciaim, 
comprising a plurality of seals. 
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32 . Expandable tubing as claimed in any preceding claim> 
comprising at le^st twp seal. Jpgf tf?^ having' 
dif ferent; inaterial prppert:ie3^, 

5 3.3 . Expandable t ubing a:s claimed iri el aim 32 , wtierein^ 
the- seal portions are^ :of materials ;having: c^-f f ereh Jy|eld 
strength aiid modulus o€ eiastiiGit^. 

34. ^ Expandable tubing; as claimed in etthex 6t c?i3lms 32 
IP or 33 ,: cpn^F>Jc.ising :a irine.j; seal member^ and an; iouter:: sea^ 

xtiemfaer adapted, to ffe located around the inner seal 
meirfeer . 

35. Expandable^ tiibirtg ^s ciaimed;.. iii claim Mf iwherein 
15: the outer ^.seaLl iner^ is Q>e> 3 material having; a :hi^her 

yield si^eng#h and; nradiilus of: ela^t3^:Gity thari the inner 
seal raert^er.:-: 

3;6;. Expandable; tubing: as claimed in either off claims M. 
2S[ or 35-^ whereiTi the oiiter seal^ membefe extends over at 
least part of, an unexpanded lehgth of the inner seal 
member. 
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3^? . Expandable tiibing; as ^claimed in any one of, :ca;aiinsr 34 
itb: 3:6/ whfrein.. tiie, ou^er seal meinbfex incloides a. xeeess; ia 

5 3iB> Expianda^ tubing a$ claimefi M Qlaiinv 37> ^wfieEeirv a? 
plurality ot inner seal members axe couple^^ %(^. tfte. oyi-eir 
seal member^ arid wherein^ a seal member is adapte^d to be 
located either side of the joint between; the: tubing^ 
sections ^ 

35 i; Bxf^anas^ t^^^^S: cia:imed in any preceding x:laim^ 
further comprisirig at least one restxainirig menibej^^ 
adapted: to :ire:Strain the seal agains^t axial nuDvement in at 
least: one ^i^iai. ^direGtion^. 

15: 

Expandable tuMnf a^ ciaimed in claim M,. ^hemltri 
the. rest:ra:iii;ing^ mgniblt is coiipied to^ one^ of the t^birig 
section^: ■:and^ Adapted to ^epelve the seal . 

20 4i\ ^xpiandSb ttibihg; as; claimed; ±t\ eitlier of: claims 3^ 
or 4Ci-f ^herelTV the^ the .re straining meiitbef^r taike 

the form of' an ihiieir seal -mefmber,. and an: outeI^ seal- 
membet- adapted, to be located around the. inner seal^ 
member ♦ 
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42 \ Expandable^^^ tubing as. claimed in any preceding claim/ 
further cQTnpafi^^ at l^ist one support member /adapted; to 
siflppprt th^e sei^l Iw pr^Qviding a clamping toxce to 
securely, clamp ttie.; ;s^^l to. the tubing. 

4:3 • Expandable tubing-: :as- c irv claim: A2, wherein a 

support meinj^er is; provi v/itB th^ sealv 

44.. Expaindabl.e: tubing; as cl.a:imed in ciaim A^i, wheijeili a 
support: :mentf)er; :is mounted in the. selpi^l . 

45;. Expandable:: tubStng; as; claimed in ;any one; of; ql;aims= 42: 
to 44^ wherein a support membjer is provided )e^^ pf 
the* "seal., 

4^6;. Expandable tubing: as- claimed in claim 45-/ wl^^ a 
supiport member is /mounted on :a ;radiall:y out^y^ 9^ 
the: se^lvi 

47> Expandable tubing as .gI aimed in- any one of .cliaims; 42 
to 46> wherei^^^ support member, comprises a; sleeve. 



48. Expandable tubing as claimed in any one of claims 42 
to 4 6, Wherein the support member comprises a wire. 



42 

A9\ EJxp^jGiaM^^ tuhirigr as. /claimed; in any one. of claims 42 
tQ ^:av wher^iiri tJie s^^l and the support ;mendDex take the^ 
form; of an inrie^r seiti me^mberir; and an outer sijeal membier 
adapted to toe IpGated arourt^ the inner seal, meniber . 

5 

50. Expandable Jtubing. as claimed in any preceding claim, 
wherein the seal comprises a plurality of seal members ©£ 
different material prjpiperties;. 

10;' Expandable tvabing. as claimed, in claim. SO/ v/hereiri^ 

the siejal^ menibe^ are adapted to; ;eoopfeiate Mfeh 
corre^pphdihg se^l members on the; tubings secjbic^ 

5^^ Expandable tubing a^a claimed in any preceding claiiU/ 
15 wherein the seal: comprises a plurality^ of se^^l membei:^^ 
^pa:ped axiai:ly^ alwgr tMj^ tiibing . 

53- Expandable tubing as claimed in claim 5!2v Wherein; 
adjacent aeals -have different material prppert:ies:. 

:20 

54*: A -string of . expanda^^ tubing cdmpri sing:. 

a plurality of expandable tubing sections coupled 
together? -and 

.a plurality of seals located around a selected at 
25 least one of the joints between the tubing sections. 
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55^. A string of expstndablve. t^ubiAg as claimed -in plaijri, 
54^/ comprising e^p^nd^a^ tubing as claimed in any, pne^ of 
claims; 1 tx> 53 

5:$., A. connector f^vr expSiid*^ tubing ;jsections:^ the: 
connector cpmgristiT)g> 

first' and^ second portions; eaqti: a^lapted to bje 
provided dri. a >respective iej^pandable tubing §ect:iQn> the 
f ir^t. and. :s^G0^d portions adapted to be coupled together;; 
and 

$ §eal 'adaf>ted to- he ipcaiited around the fir^t ^nd 
second^ portaons to s^ai a joint v ibetween: the 

57 i A seal for expiandable tubing section?:, the ae^l 
adapted to be ippated around adjaeent: (expandable tubing 
sections to seal :a jbliit between the sej^feions,. 

SB}i A :itiethda of sealing a joint between expa^dabl 
tubing sections, the laethod con^risin^^ the sieps ofr: 

coupliAg^^ ???P^hdab:le tubing sections together; and. 

locating: a seal around the- expandable: tubing' 
sectiphs.. 



59 . A method as ciai3i^€ In el^ 58/ coinprisin^ ii^uplirtg 
the ^tubang sections together and then Ipxiatancj the seal 
arqunci the tja:bi;hg sec'tlons:. 

5 6p% ft inethod as <^laiifned^ i:id±m eithe^r iciaijns SB; 

;59:, comprising iocatiitg^ If ail. overlapping the joint 

between the. tubing- sec^tionsf^^ 

61'^ A- method^ as claimed -in any o^ of claimis ;58 to :6G^ 
IQ epinprisirng mounfcing the seal. :pn pne of- the| tubing 
sections atiid "translating the: s^al to a ipc^tlp% scaling 
the jpint. 

62. A method: as ctaimeci in claim cpi^prising; 
15, translating the -seal-to a Ipcation, str^^ the joint • 

&3;. A methpd as claimed i^n Glaim 58,, cpraprising coupliihg 
a seal meiftber to each, one of the tubing; sections and 
subsequehtlY coupling t:he tubaing sectaQiis together r ^o 
2*0; compress the seal memb:ers:i 

64 . A- method as eiaimed >iii. cla^im 63, comprising, locating: 
the seal members; oyerlapping: axial end portions of the 
respective tubing sections. 
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65 . A. rnfettvoa: as^ eiaimed in any pne -of claims 58; to ^4> 
cpmpris Ipca^^ a seal comprising an inner: :Seal. 
member: ardurv^l ^zhe toabinig sections and lan ;puter s^al. 
raembexy. ,of a material. Mying^ a^ higher yield strength and 
modulus .P:f ^eiastacify irhah the; Inrier seal meraberr around 
the irinjer seal member,. 

66 V A .method as: .claimed in claim 65, comprising loqatiLrig 
the outer seal .meipoiber arounci the inner' seal memb^^ 
subsequent to ^coupling the tvifein|g sections tPgethe^r;- 

67 i K method: as; claiimed: in. clalin. compri^sir^ 
providing: the inner arid outer seal members as a seal unit: 
and; iccaitii^ ttte ^liriift around, the tubing secrtiions;, 

M . i!V jnetKoct a a claimed in; any one; of ; diaiins SB, -to. :62, 
comprisirlg locating the seal with a portion extending 
beyond ^n end^ g€ pilfer of- -the tubing sections prior %q 
coupXing the sectiprxs 1:ogetiier> and thein locating^ the 
Other tubi^: section: in sai:4 portion and cP^piing the 
tubing sect-ion^ together ^ 

69 • A method as claimed in any one of dlaims. 5:8 to 62, 
comprising mounting the seal on one of the tubing 



sections in a frii?st^ configura^^^ and" then moving the 
seal t?o; a sB:cpndr. honrr-s^^lirv^ conf iguration.. 

70> A me.t^h^^ ciaim^^^ plaim 69^. further compj-isin^ 

subsequently: .cpupling tfte tubbing sections together-: and: 
returning the sjeal to the fifesit configuration^ to seal 
the^ tubing ^sections • 

7:1;. A m^tjr^od as: claimed in any^ one of' claiitia 58' to 62, 
comprising; rnQ^ptiihg- the seal -on one of. the ti;i]t?4^g 
sectiphs in; a firSt.,: :ndn^-.sea ling corf ^roiipl^Lng 
the tufexrig sec^fions: toget^her; and then, moying t^ seal to 
a se^eondiK scaling cbri figuration. 

72;.. A inet:hQd: a;5 qiaimed in. any one of elai^ 5B: to l^r 
turther cpmprising^ i^^training the jseal against jaxial 
rmpyement in at least one direction . 

13. A miet^Kjd: as" plaiirieci in. any* one of claims &8 lip 72> 
further cpmpr to a tubing secti^iv.; 

74, A methbd as /claimed in ciaim 58\ wherein the step of 
locating the: seal arojand the expandable, tubing sections 
provides at least an initial seal of a joint between the 
sections . 



7S. A method as -cit^imed; in any one: of: claims 58 to 74^^. 
f urfehe^r Gompirisihg expanding the tjubing ^sections to 
cpmpxipis^^ .th0 seal and seal; the: j:Qxnt . 

76., A., method- of loGating ain -exp^ndai>le- tubing in a;, 
botieholey the mjethod comprlsah^ the steps of : 

ooupling a: plura^lity of e^pand^bj^e tubing seetiohs 
trOgetiier; 

locating ^a. seal around a sel^fet^(3 H% legist one: joint 

beftween . ad jacent tubing SjSctipnsT^ 

iocat irig the expandi^ble- tubing iri the: :bQ3:rehple;^ 3^<i 
expanding at least part of the expahdabie tubing^^^ 

.cbhipresslrig the- at ieast> jcyntev seal toetween the iborehb 

andi the iexpahdable tubing.^. 

77; Expahdabie. trubing sub^^^aiit lazily aa described trerew 
Wi:t^ reference to and as shown in ^Figuxes 1 and ;2; 3 ^rid 
4;; 5/ 6:; 7 and 87 9> i6> 11 and i:5!7 13; 14; %5 or T€, 

78.- A istrin.g of exparidable tubing substantially as 
described herein with reference to and as shown in 
Figures 1 and f%. 3 and 4; 5;= 6;. 7 and 8;: 9, 10,: 11 and, 
12; 13; 14; -15 or 16. 
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79v |i CQpneetor for, expandable tubing: isections 
substantia ais ^^isc:£?3^ herein with refexence to and 
as* shown irft :Ei:gures 1 arcd 2i 3 airid Ar. 5:r fr;: .7: and 8; 9, 
m, il and ;12;. 13; 14:; 15 or i^, 

84» A, seal vfpr expandal:)le tiabirig, ^eqf 4^Qns ^substantially 
as descirlhed: here-in. >rith: referehoe- tbi and ;as isRQWn in, 
Figures 1. and: 2; 3i and: 4; 57 6;;- 7 ,and 5> 9> 10>. .11 ^nd 
127 137 .14;; 15. or 16?. 

8.1., A; inet}?<?dv of- s:eaiirl^ a 3 pint between v^xpand^ble 
tubing: sedtfiohsr substai^tlaTly aS: described herein vfith 
reference to and as shown in Eijgfur-e^^^^ .and 2; 3 and 4; 5; 
7 anct^e.;: 9> 11 arid. 12^^ 1$; IC; 15 pr 16 , 

82;; ai method; pf Ibcftijfig an expandable tubing in a: 
borehole substahtia^^^ as described herein with i^f er^nce; 
to ^nd as ^how?^ iii Figures 1 and 2.;: 3 :and 4t; S; 67 7 and 
8il %: lOr, 11 and: 127 l^j 14; 15 or 16. 




\ 



V3- 



HfVBSTOR IN PEOPLE 



Application No: GB0416544.5 
Claims sear^ 1 , 54, 56, 57, 58 & 76 



Examiner: Bab Crpwshaw 
Date of search: 19 October 2004 



Patents Act 1977: Search Report under Section 17 
Documents considered to. be relevant: 





Relevant 


Ideiitihr c>f ddciifii^At and^blissas^^^^^ iiieure of particiilar/iielevance 


X 


i:,.54,56, 


W0G3/O59549JJ 




58 &^ 


6|f^^%j|Tlrt^ document paiticiaarly relevant. 




76at least 






1, 54, 56, 


GB2382667A 




57; 58 St. 


(HALLIBURTOhO^Seeesp^iaUy pagw;5 S^^. 










1, 54, 56i 


:W02OG4/OG995G.A1 
(EN\?Etn;URE) Wh 


X.P 


76a|Ieast 
l,54i56. 


WO2004/010039 A2 
(EtpENTtn^) Mole idocument. 




57,:58:<& 
76 at jl^t 











Categories: 



X Pbcunwnt u dica^^^ A rDboimetu iridi 

of the art. 

P Documem pub^^^ or afterihe dMlaured priority, 
Ibutbeforethc ffl^^ 



step; 

Y. Docuxneitt ii^ inventive step if 

combined with brie or mb^^ 

^^raroccategoQ^ 
Sl Memterbf f^^!y 



E: Patent document pub^^^ 

earHer.than> ^ filiiig d^^ 



Field of Search: 

SeanA of GB; BR &^1JS patent dcyumcntsxlassificd^to of the UKC 



w . 



Worldwifesea^^ of pateA documents: dassifiedlri^^^ IPC^ 



E21B 



The following online and other dambases Mye Jyecau^ the preparation of this search, report 



EPODOG; JAPIO, WPI 



